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CLAIMS 



A method of forming a vertical double ^te semiconductor device 
comprising: 

providing a semiconductor subs|rate; 
providing a first insulating laydt over the semiconductor substrate; 
providing a first semiconductor layer over the first insulating layer; 
removing portions of the firs/ semiconductor layer to form a 

semiconductor structure having a first sidewall and a second 
sidewall, wherein tm first sidewall is opposite the second 
sidewall; 

forming a first current electrode region and a second current 

electrode region m the semiconductor substrate; 
forming a second insulating layer adjacent the first sidewall and 

the second sid^all; 
forming a conductive layer over the semiconductor stracture and 

the second insulating layer; and 
removing a portior/of the conductive layer to form a first electrode 

region and a second electrode region, wherein: 



the first electrode region is adjacent the first sidewall of the 

senflconductor structure; 
the seconm electrode region is adjacent the second sidewall 

of|me semiconductor structure; and 
the furst kectrode region and the second electrode region are 

phf sically isolated from each other. 
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2. The method of claim 1 wherein the semiconductOT structure is a channel 
region of the vertical double gate semiconductor device. 




5 3. The method of claim 1 wherein removing tip portions of the conductive 
layer comprises anisotropically etching the c/nductive layer. 

4. The method of claim 1 wherein removing the portions of the conductive 
layer comprises planarizing the conductive layer. 

5. The method of claim 1 wherein fopning the conductive layer further 
comprises: 

forming a second semiconductor layer; and 
doping the second semiconductor layer in a first area adjacent the 
15 semiconductor strucmre with a first species. 



6. The method of claim 5, further comprising doping the second semiconductor 



layer in a second area adjacent the semiconductor stmcture with a second 
species, wherein the secoaa species is different than the first species and the 
20 second area is different than the first area. 



7. The method of claim 6, wherein doping the second semiconductor layer is 
performed by ion immantation at an angle relative to a top surface of the 
semiconductor subsgrate. 
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8. The method of claim 6, further comprising annealing the first electrode 
region and the second electrode region after doping j|he second semiconductor 
layer. 

9. The method of claim 6, wherein removing a/portion of the conductive layer 
is performed after doping the second semicoirauctor layer in a first area 
adjacent the semiconductor structure with alirst species. 

10. The method of claim 6, wherein the^rst area is part of the first electrode 
region and the second area is part of tM second electrode region. 

1 1 . The method of claim 1 , furthe^omprising forming metal over the first 
electrode region and the second electrode region. 



12. The method of claimX wherein forming the metal comprises: 

forming a silicon layer over the first electrode region, the second 

electrode region, /and the semiconductor stracture; 
forming a first metalilayer over the silicon layer; and 
heating the semiconductor substrate so that the silicon layer and the first 
metal layer f^rm a silicide. 



13. The method of clmm 12, further comprising: removing a portion of the 

metal to form a first lontact for the first electrode region and a second contact 

II 

for the second electrode region, wherein the first contact and the second contact 
are electrically isolated from each other. 
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14. The method of claim 13, wherein removing a p/rtion of the metal 
comprises planarizing the metal. 



15. The method of claim 11, further comprising annealing the first electrode 
5 region and the second electrode region beforeMorming the met£il . 
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16. The method of claim 11, wherein the metal is a stack of metal layers. 

17. A method of forming a vertical douljje gate semiconductor device 

comprising: 

providing a semiconductor substfate; 
forming a first insulating layer over the semiconductor substrate; 
forming a first semiconductor jry^^ ^^^^^ insulating layer; 
etching portions of the first semiconductor layer to form a semiconductor 

stmcture having a firsu/sidewall and a second sidewall, wherein the 

first sidewall is opposite the second sidewall in a first direction; 
forming a source region and a drain region in the semiconductor substrate 

in a second directiom wherein the first direction is substantially 

perpendicular the second direction; 
forming a second insulati|ig layer on the first sidewall and the second 

sidewall; 

forming a second semic|)nductor layer over the semiconductor structure 
and the second irfsulating layer, wherein the second semiconductor 
layer comprises l 

a first semiconductor portion which is adjacent the first 
sidewall; 
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a second semiconductor portion wl^h is over the 

semiconductor structure; 
a third semiconductor portion >^ch is adjacent the second 

sidewall; 

doping the first semiconductor portion a|?d the third semiconductor 

portion; and 
removing the second semiconductor p.6rtion. 

18. The method of claim 17, wherein the gecond insulating layer is deposited 
conformally. 

19. The method of claim 17 further comprising annealing the second 
semiconductor layer. 

20. The method of claim 19 whereiij' annealing is performed after removing the 
second semiconductor portion. 



21. The method of claim 17 wherein removing the second portion is performed 
by a method selected from the gijpup of anisottopic etching, pleuiarization and 
20 etch back. 
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22. The method of claim 17 wherein doping the first semiconductor portion 
and the third semicondiictor portion further comprises doping the first 
semiconductor portion with a first species and doping the third 
semiconductor portirai with a second species, wherein the first species 
and the second specfes are different in conductivity. 
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23. The method of claim 17, wherein doping the firs^emiconductor portion 
and the third semiconductor portion is performed b^on implanting species at 
an angle relative to a top surface of the semiconchjrctor substrate. 

4. The method of claim 17, wherein doping/uie first semiconductor portion 
and the third semiconductor portion furthemncludes forming a patterned layer 
over the semiconductor substrate. / 

25. The method of claim 17, whereiWetching portions of the first 
semiconductor layer to form the seipconductor structure further comprises: 

forming a third insulating ^er over the first semiconductor layer; 

forming a nitride layer ow the third insulating layer; 

patteming the nitride Mer and the third insulating layer; and 

etching the first semkonductor layer using the nitride layer and the third 



26. A vertical double gate semiconductor device cojiiprising: 
a semiconductor substrate; X 
a first insulating layer over the semiconducj^ substrate; 
a semiconductor structure over the firsUnsulating layer having a first current 



insulating la^r as a mask. 




the first current el^trode region and the second current electrode 



region/are separated by a channel region in a first 
direction; and 
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the first sidewall and the second sidewall are opposite each other 
in a second direction, wherein the first direction is 
substantially perpendicular to the sfecond direction; 
a first control electrode region over the first sidewall; and 
5 a second control electrode region over the second/sidewall, wherein the first 
control electrode region and second control electrode region are not 
contiguous portions of a same materiad. 

27. The vertical double gate semiconductorylevice of claim 26 wherein the first 
10 control electrode region and the second coiitrol electrode region are doped. 

28. The vertical double gate semiconductor device of claim 26 wherein the first 
control electrode region is doped vyit^ a differenj/species than the second 
control electrode region. 
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29. The vertical double gate semiconductor device of claim 26 wherein the first 
control electrode region is doped n-type and the second control electrode region 
is doped p-type. 



20 30. The vertical double gate semiconductor device of claim 26 wherein a first 
contact is formed over ^e first control electrode region and a second contact is 
formed over the second control electrode region, wherein the first contact and 
the second contact are electrically isolated from each other. 
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31 . The vertical double gate semiconductor device of;daim 26 wherein a 
metallic layer is formed over the first control elec^jdde region, the second 
control electrode region and the channel regior 



32. The vertical double gate semicoif^jjctor device of claim 31 wherein the 
metallic layer comprises a metal mtrme layer or a metal silicon nitride layer. 



33. The vertical double gate^emiconductor device of claim 26 wherein the 
semiconductor substrate and the semiconductor structure comprise silicon. 
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